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Qbjective: The purpose of this study was to examine the relationships between clinical and
neurobiological measures of childhood-onset schizophrenia. It was bypothesized that there would
be a more striking pattern in the rare cases with very early onset than is seen in subjects with
later onset. Method: Premorbid, clinical, prenatal, perinatal, and magnetic resonance imaging
brain measures were examined in 29 children and adolescents who met the DSM-III-R criteria
for schizophrenia with onset before age 12. Specifically, gender, premorbid adjustment, and
clinical symptoms were examined in relation to cerebral volume, ventricular volume, and mater-
nal obstetrical complications. Results: Males were more likely to have bad an insidious onset
than females. There was a significant negative correlation between score on the Scale for the
Assessment of Negative Symptoms and total cerebral volume. Conclusions: These neurobiologi-
cal associations support the continuity of early-onset schizophrenia with the later-onset disorder;
the striking association between smaller cerebral volwme and negative symptoms suggests a more

homogeneous or more potent neurobiological basis for very early-onset schizophrenia.

(Am | Psychiatry 1997; 154:64-68)

he study of childhood-onset schizophrenia pro-
vides a unique opportunity for understanding
schizophrenia, since patients with early onset may rep-
resent a more homogeneous group, one with a more
salient early brain lesion and/or unique or more potent
risk factors responsible for early activation of the illness
(1-3). Very early-onset schizophrenia is rare, having at
most one-fiftieth the treated prevalence of the later-on-
set disorder. Indirect evidence for greater neurodevel-
opmental insult in patients with very early onset has
been suggested by their more disturbed premorbid his-
tories relative to the histories of patients with later on-
set, including clinically significant prepsychotic speech
and language disorders and, for a subgroup of males,
transient premorbid features of pervasive developmen-
tal disorders. In addition, insidious onset of psychosis
with a chronic unremitting course is the rule (1, 4-6).
An ongoing brain magnetic resonance imaging (MRI)
study of childhood-onset schizophrenia at the National
Institute of Mental Health (NIMH) has supported conti-
nuity with the adult-onset disorder (7). In that study, the
initial group of 21 patients with childhood-onset schizo-
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phrenia were found to have smaller cerebral volumes
(p=0.002) and larger lateral ventricular volumes {p=0.06)
than healthy control subjects, although temporal lobe vol-
umes appeared to have been relatively spared (8). In the
initial study it was also found that the effect size (calcu-
lated from z scores) of smaller cerebral volume in the
group with childhood-onset schizophrenia tended to be
more striking than in adult-onset cases (p=0.06). The ad-
dition of MRI data from seven more cases now results in
a significantly larger effect size of smaller cerebral volume
than that reported for adult-onset disorder (p=0.01, un-
published data of J.L. Rapoport, June 1996).

Other measures of risk, including ratings of prenatal
and perinatal events, were also obtained as part of the
NIMH study. However, the relationships among clini-
cal features of childhood-onset schizophrenia and
neurobiological indexes including gender, maternal ob-
stetrical risk, and MRI anatomic brain measures have
not been examined in any study to date.

There is a sizable literature documenting clinical/bio-
logical relationships in later-onset schizophrenia. For
example, with some important exceptions (9-11),
males have poorer premorbid adjustment, earlier age at
onset, more negative symptoms, histories of more ob-
stetrical complications in the mother, and more struc-
tural brain abnormalities (12, 13). In addition, enlarged
ventricles have been linked to poor premorbid course
(14), earlier age at onset (15), and higher ratings on
negative symptomns (16, 17), although again these find-
ings have not been universally replicated (18-20).

Total cerebral volume has been found to be signifi-
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cantly decreased in adults with schizophrenia (19), and
decreased volume has been reported to be significantly
correlated with impairment in neuropsychological
functioning (21) and with negative family history of
schizophrenia (22). There are only a few studies ad-
dressing the relation between total brain volume and
symptom severity. These studies (23, 24)—one a post-
mortem study—found a significant correlation between
negative symptoms and decreased total cerebral vol-
ume. This little-noticed finding seems to be important,
since primary negative or deficit symptoms are thought
to be the core manifestations of the developmental ab-
normalities in schizophrenia (25) and may be associ-
ated with earlier age at onset (26, 27). MRI abnormali-
ties have also been associated with maternal obstetrical
complications (15), again with exceptions (28); other
correlates with obstetrical complications have been
more controversial, since higher rates of complications
have been only inconsistently associated with early age
at onset and/or male gender (15, 29).

In the present study, gender, premorbid adjustment,
and clinical symptoms were examined in relation to
cerebral and ventricular volumes and maternal ob-
stetrical complications in a unique sample of 29 sub-
jects with childhood-onset schizophrenia. At issue was
whether a stronger or more consistent pattern of corre-
lates emerged relative to that reported for adults. As
reported previously (4), 28% and 33% of the patients
had had features of pervasive developmental disorders
and language disorders, respectively, before the onset of
psychosis. Language milestones and the presence or ab-
sence of autistic features were also examined in relation
to obstetrical and brain measures. We hypothesized a
more striking relationship among these measures in
comparison with that reported in studies of adults.

METHOD

From over 600 initial referrals, 138 potential subjects were se-
lected for in-person screening, of whom 34 were diagnosed as hav-
ing schizophrenia with onsct on or before age 12 (30). Of these, 29
children and adolescents who mer the DSM-III-R criteria for
schizophrenia {mean age at onset=10.2 years, SD=1.5, range=10-
19), participating in an ongoing double-blind clozapine trial, were
chosen as the subjects for the present analyses. Following cxtensive
chart review by two psychiatrists (J.A. and J.A.F.), all participants
underwent a comprehensive screening process, as well as a series of
biological measures. All had had educational and developmental
achievement and/or cognitive test results commensurate with an IQ
of 70 or above before the onset of psychosis. This was true even for
the subjects who had had premorbid speech/language disorders or
transient features of pervasive developmental disorders. The mean
full-scale IQ before admission to NIMH of the 27 subjects with
available IQ tests or estimated scores was 84.6 (SD=18.9).

After the study was explained, assent was obtained from the sub-
jects and written informed consent was obtained from the parents.
The protocol was approved by the NIMH institutional review board.
More complere descriptions of this ongoing study are available else-
where (3, 4, 7, 30, 31).

Language development, as determined by age at first sentence, was
assessed through interviews with parents and the corresponding section
of the Autism Diagnostic Interview (32). Premorbid functioning was
rated with the Premorbid Adjustment Scale (33). Premorbid speech and
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TABLE 1. Clinical Ratings and Biological Measures of Subjects With
Childhood-Onset Schizophrenia

Variable N2 Mean SD Range
Total cerebral volume {ml) 28 1036.35 119.34 844-1276
Total ventricular volume

(ml) 28 16.01 7.45  5.85-30
Premorbid Adjustment

Scale score 29 2.30 1.59 0-4.60
Age at first sentence

{months) 28 25.39 7.93 6-36
BPRS total score 28 80.40  15.05 38.50-102
SANS total score 29 17.96 4.89 7-25
SAPS total score 29 13 4 4-19
Research Obstetrical Scale

total score 25 2.08 2.17 0-9

aN varies because of missing data on some variables for some subjects.

language disorders as defined by DSM-III-R criteria were determined
with the use of psychological reports, school records, and prior hospital
records. Selected parts of the Autism Diagnostic Interview (communica-
tion, social development and play, interests, and behaviors), clinical in-
terviews, and all available medical charts and records were used to rate
autistic symptoms (features or full syndrome of pervasive developmen-
tal disorders). Type of onset was classified by the two rating psychia-
trists as subacute (6 months or less from baseline to change, i.., from
initial nonspecific symptoms to first psvchotic symptoms) or insidious
{more than 6 months from bascline to first psychotic symptoms) on the
basis of all available information, including parent interviews, school
reports, and hospital records. Reliabilities were excellent for ratings on
the Premorbid Adjustment Scale, speech/language disorders, and symp-
toms of pervasive developmental disorders, with kappas or intraclass
correlation coefficients ranging from 0.89 to 1.00 (4). The reliability for
type of onset, however, was only fair (kappa=0.41).

Ratings on the Brief Psychiatric Rating Scale (BPRS) (34), the Scale
for the Assessment of Negative Symptoms (SANS) (35}, and the Scale -
for the Assessment of Positive Symptoms (SAPS) (36) were also ob-
tained for all subjects during the fourth week of the drug-free period
of the clinical trial, before the patients were randomly assigned to a
neuroleptic, and these were used in the correlational analysis. Inter-
rater reliability was 0.91 for the BPRS, 0.89 for the SANS, and 0.92
for the SAPS.

The history of maternal obstetrical complications for each patient
was obtained from obstetrical records (N=20 of 29) and from a de-
tailed questionnaire, completed by all of the biological mothers (N=
25), covering prenatal and perinatal events. These charts and inter-
views were scored with the Research Obstetrical Scale (37). Total
scores derived from the subscales (prenatal, delivery, and infancy)
were used for the analysis.

All subjects underwent brain scans with the same General Electric
1.5-T Signa scanner, located at the National Institutes of Health
Clinical Center. A three-dimensional, spoiled gradient recall acquisi-
tion in the steady state imaging sequence (TE=5 msec, TR=24 msec,
flip angle=45°, acquisition matrix=192x256 pixels, number of exci-
tations=1, field of view=24 cm) was used to obtain T{-weighted im-
ages with a slice thickness of 1.5 mm in the axial and sagittal planes
and 2.0 mm in the coronal plane.

A novel image analysis technique, which utilizes an active surface
template of the brain to incorporate prior knowledge of brain anat-
omy {38), was used to ascertain total cerebral volume. This method
models the brain surface as an elastically deformable structure while
using successive iterations of an energy minimization function to en-
force constraints on curvature and topology. After this procedure, the
brain images were edited in the axial plane, slice by slice, by experi-
enced raters to remove remaining artifacts such as eyeballs or patches
of dura mater. Intraclass correlations for the volumes of the edited
brain images were 0.99 for interrater reliability and 0.95 for the com-
parison with volumes derived from more conventional slice-by-shice
tracing (31, 39).

Lateral ventricular volumes were calculated by summing area
measurements from all coronal slices on which ventricles were visible
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TABLE 2. Correlations Among Clinical and Biological Variables of Subjects With Childhood-Onset Schizophrenia

Total Cerebral Volume Total Ventricular Volume Research Obstetrical Scale Total Score

Total Total Total
Males Females Group Males Females Group Males Females Group
Variable r N°® r N? r Na r N2 r N® r N°® r N2 r N? r Na

Premorbid Adjustment

Scale score 0.16 15 -0.08 14 0.17 29 0.19 15 002 14 013 29 0.25 15 ~0.21 10 -0.14 25
Age at first sentence -0.11 14 -0.32 14 -0.20 28 0.32 14 0.02 14 0.14 28 0.19 14 -0.21 10 019 24
BPRS total score -0.66* 13 025 13 -0.10 26 -0.19 13 -0.23 13 -0.19 26 0.19 14 029 10 021 24

SANS total score -0.70** 14 -0.36 14 -0.65%%* 28 0.14 14 0.10 14 007 28 =026 15 037 10 021 25
SAPS total score -0.61* 14 -0.01 14 -0.37 28 -0.07 14 -0.31 14 -0.21 28 0.04 15 021 10 -0.0 25
Research Obstetrical

Scale total score 0.16 14 -021 10 0.28 24 0.28 14 -0.02 10 025 24
Subacute onset of illness ~0.23 1§ -0.09 14 0.11 29 0.06 15 044 14 028 29 0.08 15 -042 10 020 25
Presence of pervasive de-

velopmental disorders -0.34 15 027 29 0.9
Presence of premorbid

language disorders

—
“

0.18 29 -0.01 15 0.14 25

-0.02 14 006 29 007 15 0.08 10 015 25

o

-0.60* 15 ~0.09 14 -0.04 29 0051

aN varies because of missing data on some variables for some subjects.

*p=0.01.  **p=0.004, ***p<0.001.

FIGURE 1. Correlation Between Total Cerebral Volume and Total
Negative Symptoms (Scale for the Assessment of Negative Symp-
toms) of Subjects With Childhood-Onset Schizophrenia®
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2The middle line represents the regression, and the top and bottom
lines represent the 95 % confidence interval. The correlation between
total cerebral volume and SANS score was significant (r=—0.65, N=
28, p<0.001).

with the use of an operator-supervised thresholding technique that
required little subjectivity. The intraclass correlation for ventricular
volumes was 0.99. Further details are provided elsewhere (7, 31, 39).

All statistical analyses used SAS (version 6.07) or BMDP (1990
revision) statistical packages. Chi-square and t tests were used to ex-
amine gender differences within the study group. Pearson correla-
tions were obtained for premorbid/clinical and biological variables.
The correlations for males and females were contrasted by using
Fisher's r-to-z test. A stepwise multiple regression was used to deter-
mine which of the premorbid/clinical and MRI variables accounted
for the variance in SANS, SAPS, and BPRS scores; 0.05 was taken as
the significance level for these analyses. All p values were two-tailed;
0.01 was taken as the significance level for correlational data because
of the number of correlations performed.

RESULTS

Males and females did not differ significantly in terms
of premorbid functioning. Given the higher rate of per-
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vasive developmental disorders in males, it is not sur-
prising that all of the subjects who had had partial- or
full-syndrome pervasive developmental disorders (N=
7) were male (32=9.5, df=1, p=0.002). Males were also
more likely to have had an insidious onset of psychosis
(x2=6.6, df=1, p=0.07). There were no significant dif-
ferences between males and females on the other meas-
ures examined in the study. The ratings on the measures
are shown in table 1.

While a total of 29 schizophrenic patients have been
seen to date, data on individual measures are missing
for some patients, so that the numbers vary from 24 to
29 for individual measures (tables 1 and 2). On the ba-
sis of reports on adult patients as well as the develop-
mental measures that were uniquely abnormal for our
pediatric group, we planned to test 27 correlational re-
lationships between clinical measures, MRI measures,
and total obstetrical complications. Since these were
carried out for the whole study group and for males and
females separately, a total of 75 correlations were ex-
amined for this analysis. The three sets of correlational
data are shown in table 2. A total of five correlations
were significant, all in the expected direction. Four were
significant for males alone, and one was significant for
the total group.

For the whole group, total cerebral volume showed a
significant negative relationship with total score on
negative symptoms (SANS) (figure 1). In the stepwise
multiple regression, total cerebral volume accounted
for 31% of the variance in SANS score (p=0.004). (No
variables met the significance level of 0.05 in the step-
wise multiple regression for the SAPS and the BPRS.)

After covariance for 1Q, the significant association
between smaller total cercbral volume and negative
symptoms was virtually unchanged (r=—0.64, p=0.002).
When correlational patterns were examined for males
and females separately, no relationships were signifi-
cant for females. For males, smaller cerebral volume
was significantly associated with SANS score, SAPS
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score, the presence of language disorders, and higher
scores on the BPRS (table 2). However, correlations for
males and females did not differ significantly by
Fisher’s r-to-z test.

DISCUSSION

This report represents the only examination to date

ALAGHBAND-RAD, HAMBURGER, GIEDD, ET AL.
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